Structural changes in the Schiff base region of squid rhodopsin upon photoisomerization studied by low-temperature FTIR spectroscopy.
Low-temperature Fourier transform infrared (FTIR) spectroscopy is used to study squid rhodopsin at 77 K in investigating structural changes in the Schiff base region upon photoisomerization. The analysis of O-D stretching vibrations in D(2)O revealed that there are more internal water molecules near the retinal chromophore in squid rhodopsin than in bovine rhodopsin. Among nine O-D stretching vibrations of water in squid rhodopsin, eight peaks are identical between rhodopsin and 9-cis-rhodopsin (Iso). On the other hand, the isomer-specific O-D stretch of water was observed for rhodopsin (2451 cm(-)(1)) and Iso (2382 cm(-)(1)). Low frequencies of these bands suggest that the water forms a strong hydrogen bond with a negatively charged counterion. In addition, it was suggested that the hydrogen bond of the Schiff base is weaker in squid rhodopsin than in bacteriorhodopsin and bovine rhodopsin, and squid rhodopsin possessed similar hydrogen bonding strength for the Schiff base among rhodopsin, Iso, and bathorhodopsin. Most vibrational bands in the X-D stretch region originate from water O-D or the Schiff base N-D stretches, suggesting that the hydrogen bonding network in the Schiff base region of squid rhodopsin is composed of only water molecules. On the basis of these results, we propose that squid rhodopsin possesses a "bridge" water between the Schiff base and its counterion as well as squid retinochrome [Furutani, Y., Terakita, A., Shichida, Y., and Kandori, H. (2005) Biochemistry 44, 7988-7997], which is absent in vertebrate rhodopsin [Furutani, Y., Shichida, Y., and Kandori, H. (2003) Biochemistry 42, 9619-9625].